Symbiotic photosynthesis of the colonial ciliate Ophrydium versatile from transparent temperate lakes was studied with 0, microelectrodes and measurements of 0, and C exchange in laboratory and field incubations. Oxygen gradients were steep just above the colony surface and shallow toward the center of the colony, reflecting that 0, metabolism is high in the peripheral layer containing the ciliates and low in the jelly. Photosynthesis responses resembled those of unicellular and thin multicellular algae by having relatively low light compensation point (25 pmol photon m-2 s-l), low light saturation point (190 pm01 photon mA2 s-l), and a sharp transition from lightlimited to light-saturated photosynthesis. Inorganic C supply to Ophrydium supported photosynthetic rates close to maximum in air-saturated alkaline lake water. Photosynthesis patterns were similar in short-time laboratory experiments and diel outdoor experiments and showed no indication of photoinhibition and rhythmicity in the relationship of photosynthesis to irradiance during the day. The endosymbiotic zoochlorcllae dominated the 0, metabolism of Ophrydium ciliates, resulting in much steeper 0, gradients at the colony surface in the light than in the dark and a large diel surplus of gross photosynthesis relative to respiration. Symbiotic photosynthesis produced sufficient carbon to support the measured growth rate, the respiration, and the substantial carbon content of the colony jelly, whereas particle filtration of ciliates presumably supplied the nutrients for net growth of the assemblage. The location of the ciliates at low density in the periphery of the colony and the water movements generated by the ciliates are probably important for the efficient plant-like use of light and inorganic C by Ophrydium and the ability to form high densities of ioochlorellae.
Understanding of the regulation of photosynthesis in aquatic symbiotic organisms is strongly influenced by the numerous studies on tropical marine anemones, corals, and sponges, whereas studies on small pelagic and freshwater symbionts are few (Smith and Douglas 1987) . Most marine symbiotic cnidarians have low proportions of algal to total tissue content (0.01-0.22 wt/wt), high light compensation levels (30-100 pm01 photon m-2 s -l), and diel ratios of gross oxygen (0,) production to dark respiration between 0.5 and 2 (Kremer et al. 1990; Andersen 1992) . These parameters are strongly influenced by organism size, density of symbiotic algae, and light attenuation within the symbiotic assemblage, in addition to photoadaptation of the individual algal cells (Muscatine and Weis 1992; Sand-Jensen and Pedersen 1994) . Thus, animals of low surface area-to-volume ratio require high irradiances to balance respiration and saturate photosynthesis, although the individual symbiotic algae may be effectively adapted to shade. Unicellular and small colonial symbiotic organisms among ciliates, foraminiferans, and radiolarians have short light paths and limited self shading and should be able to use incident light efficiently (Agusti et al. 1994) . Their photosynthesis light kinetics should resemble more closely the behavior of the individual symbiotic algae they contain. The symbiotic association should also be able to sustain high proportions of algal carbon and
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achieve high diel ratios of gross production to respiration because of more efficient light capture by the individual algae.
Symbiotic algae imbedded in thick animal tissue may face long diffusion paths and experience CO, deficiency in regions densely packed with algae (Dubinsky et al. 1990 ; Sand-Jensen and Pedersen 1994) . The symbiotic freshwater sponge Spongilla Zacustris, which is unable to utilize external HCO,-experiences CO, limitation in aerated water, and extensive CO, supersaturation is needed to saturate photosynthesis of the thick algal-rich forms (Sand-Jensen and Pedersen 1994) . In contrast, inorganic C limitation should be less prominent among unicellular or small colonial symbiotic forms due to higher surface area-to-volume ratios and shorter diffusion paths.
The colonial ciliate Ophrydium versatile has attracted our attention becguse it has a different structure and habitat than the bulky marine symbionts. Ophrydium is abundant in temperate lakes of widely different dissolved inorganic carbon (DIC) concentrations (0.016-3.5 mM; . Ophrydium forms centimeter-size gelatinous colonies with the long ciliates (300-400 pm) evenly spaced in hexagonal chambers (160-190 mm -") in the periphery. The ciliates host numerous endosymbiotic zoochlorellae (Winkler and Corliss 1965; Hollowday 1975 ) located in a vacuole and surrounded by a prominent cell wall and a plasma membrane (Fig. 1) . The external supply of inorganic C, therefore, has to diffuse through boundary layers surrounding the ciliates and to cross the ciliate surface and three internal walls or membranes to become available for fixation within the zoochlorellae. Intensive photosynthesis by numerous zoochlorellae may, therefore, induce C limitation despite the short internal diffusion path. We measured light and inorganic C use by Ophrydium to analyze the factors controlling symbiotic photosynthesis within symbionts and compared the kinetic parameters to published measurements on other micro-and macroscopic symbionts and algae. We evaluated the restriction imposed by diffusional transport and light attenuation for the densely packed zoochlorellae in Ophrydium by comparing the kinetic parameters for intact colonies and zoochlorellae in suspension and by measuring the 0, microdistribution within the colony in light and darkness. Finally, we evaluated the importance of symbiotic photosynthesis and particle filtration to support the conspicuous gelatinous jelly and sustain the growth rates of Ophrydium observed in the field.
Materials and methods
Field collection and material-We collected Ophrydium colonies (l-5 cm3) in shallow waters (0.2-0.7 m) of the mesotrophic Lake Lang, Denmark , on several occasions during July 1991 . All experiments were performed at 15°C in alkaline lake water containing 1.82-1.88 mM DIC. The water was filtered through Whatman GF/C filters resulting in negligible 0, metabolism due to ihose few microorganisms that may pass through. We measured the growth rate of Ophrydium colonies attached to stones in shallow water by determining changes in colony diameter and areal density of ciliates over 10-d intervals and converted these measurement to changes in ciliates number. Volume and surface area of experimental colonies, number of ciliates and zoochlorellae, and content of carbon and Chl a+b were measured as described by Sand-Jensen et al. (1994) .
Photosynthesis-irradiance
relationship-Photosynthesis .of Ophrydium was measured in 0, chambers in the laboratory. Perspex chambers (200 ml) were equipped with a Clark-type 0, electrode, a pH electrode, a temperature transducer, and a magnetic stirrer (Sand-Jensen 1983) . Chambers were illuminated by halogen projector bulbs. Irradiance was varied by changing the distance to the lamps and by using neutral density filters. The lake water was brought into atmospheric equilibrium (pH 8.2, 16 FM CO,), and pH was kept constant by frequent additions of small aliquots of 0.1 N HCl. Because the 0, concentration changed by <50 PM during the experiments before the water was replenished, the CO, concentration remained almost constant due to the high DIC concentration.
Outdoor photosynthesis experiments with Ophrydium colonies exposed to natural day/night cycles were performed in 5-liter Perspex chambers equipped with a galvanic 0, electrode (Syland 4000), a temperature sensor, a submersible quantum sensor (LiCor 193SA) , and a magnetic stir bar. Chambers were submersed 40 cm below the water surface in a 200-liter tank to keep diel temperature fluctuations between 13 and 17°C. Outdoor experiments continued for 2-3 d. Chambers were opened daily and bubbled with atmospheric air to bring the water back to air saturation of 0, and CO,. Oxygen, temperature, and irradiance were recorded every 10 min on a datalogger (LiCor Li-1000). Downwelling irradiance was measured with a cosine-corrected photon sensor (LiCor 192SA) at the location of Ophrydium colonies in the chambers facing upward toward the light source. Likewise, the downwelling irradiance was measured onto the surface of the chamber holding the zoochlorellae in suspension (see below). The Ophrydium ciliates located in the part of the spherical colony facing downward are thought to receive the same proportion of the downwelling irradiance as backscattered light from the chamber bottom.
Gross production (P,) of zoochlorellae was calculated as net 0, production of Ophrydium colonies in the light (P,) plus the combined colony dark respiration (R,) in algae, host ciliates, and the gelatinous matrix. The calculations are subject to error if respiration varies between light and darkness and if photosynthesis-irradiance relationships change rhythmically during the day as has been demonstrated in some symbiotic organisms (Kremer et al. 1990 ). Hence, we compared the photosynthesis-irradiance relationship derived from several days outdoors experiments with that obtained by stepwise increasing irradiance in short-time laboratory experiments. The photosynthetic efficiency ((x), defined as the linear initial slope of the photosynthesis-irradiance curve, and the light compensation point (E, = R,cu -I) were calculated by linear regression analysis at h-radiances below 50 pm01 photon m-2 s-I. Measurements at high irradiance (>300 pmol photon rnp2 s-l) were used to determine maximum photosynthesis (P N ,,,) and the onset of saturated photosynthesis (EK = PG l,,aX a I).
Photosynthesis-carbon relationship-Photosynthesis
as a function of external CO, concentrations was measured in the 0, chamber by varying pH at saturating irradiance. Proportions of CO, in the DIC pool were manipulated by adding small aliquots of HCl and NaOH (principles in Sand-Jensen 1983 , 1989 . We took small water samples (100 ~1) from the incubation chamber and injected them into an IRGA system for DIC analysis (Vermaat and Sand-Jensen 1987) to permit simultaneous evaluation of DIC uptake and 0, evolution during photosynthesis.
Response of zoochlorellae to irradiance and carbonSuspensions of zoochlorellae were prepared by homogenizing ciliates in filtered lake water in a glass mortar. The suspension was filtered through a 5-pm Nucleopore filter that removes whole animals and large cell fractions but allows the zoochlorellae to pass through. This procedure, however, does not provide a pure suspension of zoochlorellae as other small organelles will be included and influence the photosynthesis response. Mitochondria will, for example, consume 0, and reduce net 0, production and increase light and CO, compensation points relative to a pure suspension of zoochlorellae. Mitochondrial respiration will not, however, influence the photosynthetic efficiency (a) and the gross production of the suspension of zoochlorellae. The number of zoochlorellae was counted in a hemacytometer under the mi- croscope. Photosynthesis of the zoochlorellae was measured in a small 0, chamber (10 ml) as a function of irradiance and CO, concentration.
Microdistribution of oxygen-Distribution of 0, was measured with an 0, microelectrode at small depth increments from the surface to the center of Ophrydium colonies. The microelectrode is insensitive to stirring (< 1%) and has a sensing tip diameter of < 10 pm (Revsbech and Jorgensen 1986) . Ophrydium colonies were placed in an aquarium with aerated lake water during measurements of steady-state light and dark gradients and during measurements of transient changes folllowing switches between light and dark. The surface of Ophrydium colonies was surrounded by stirred water. All 0, measurements presented were from a single vertical gradient, but measurements at other locations showed the same patterns because ciliates are distributed at even density over the whole colony surface.
Results
Photosynthesis versus irradiance-Photosynthesis of Ophrydium colonies showed regular saturation curves with increasing irradiance (Fig. 2) . All experiments showed the same curve pattern with only minor changes in most photosynthetic parameters (Table 1) . Net photosynthesis normalized to colony surface area, and ciliate number was relatively constant and independent of collection time, whereas photosynthesis normalized to Chl a+b was more variable (Table I) . Mean photosynthetic efficiency (a) at light limitation was relatively high [28 pmol 0, mg-l Chl h-l (pm01 photon m-" s ')-I] while dark respiration relative to maximum net photosynthesis was low (R,,/P,, 0.16), resulting in a fairly low light compensation point (E,, 25 pm01 photon rnme2 s-l). The onset of light saturation (E,) varied from 132 to 274 pm01 photon rnp2 s .I among Ophrydium colonies, and there was no sign of photoinhibition of photosynthesis at the highest irradiance (700-2,000 pmol photon m-2 s-l) Diel patterns and balance of photosynthesis and respiration-Photosynthesis and respiration of Ophrydium colonies showed regular diel patterns in outdoor experiments (Fig. 3) . Photosynthesis was approximately constant and light saturated during most of the day. Photosynthesis vs. irradiance calculated for 10-min intervals throughout the diel cycles (Fig. 4) showed saturation curves and kinetic parameters very similar to laboratory experiments ( Fig. 2; Table 1 ). The relationship of photosynthesis to irradiance was the same before and after noon in accordance with the diel pattern in Fig. 3 .
Photosynthetic 0, production exceeded respiratory 0, consumption of Ophrydium over 24 h. The average diel gross production was 276 pg 0, cm-2 d-l, and diel respiration was 77 pg 0, cm-2 d-l, yielding a high P, :R, (24 h) ratio of 3.6. This ratio is higher than most values among bulky forms of anemones, corals, and sponges located between 0.5 and 2.0 (Fig. 5) . Oxygen metabolism was converted to carbon units per ciliate, applying the measured surface density of ciliates and the molar ratio of 0, to C close to 1.0. The diel net balance averaged 4.20 ng C ciliate-l d-l, and the diel respiration was 1.60 ng C ciliate-' d-l for Ophrydium colonies measuring l-5 cm?. In previous measurements in the lake we found particle clearance rates of 1.90 ng C ciliate-l d-l that are approximately equal to the dark respiration rates. The mean ciliate carbon content was 29.3 ? 6.3 ng C ciliate (mean + 95% C.L.) and ciliates constituted 66% of the total carbon content for l-cm? colonies and 5 1% for 5-cm" colonies . Thus, the sum of diel net photosynthesis and particle filtration could theoretically support a specific growth rate of 0. Irradiance (pmol photons mm2 s-l) Fig. 4 . Net 0, production of Ophrydium as a function of irradiance based on mean rates over lo-min intervals in outdoors experiments (see Fig. 3 ).
utilized in balanced growth. Our simultaneous direct field measurements yielded mean growth rates of 0.067 2 0.012 d-l, suggesting that 51-63% of the net carbon gain (photosynthesis + filtration -respiration) was incorporated into new ciliate biomass and colony jelly. (1994) . P, = light-saturated net photosynthesis; PC; = light-saturated gross photosynthesis; R,, = dark respiration; OL = photosynthetic efficiency at limiting light levels; EK = onset of light saturation; E, = light compensation point; K,A (CO,) = apparent half-saturation constant for CO, at light saturation; and T (CO,) = CO, compensation point. Mean values &SD. Significant differences (t-test, P < 0.05) between kinetic parameters measured on intact organisms and zoochlorellae in suspension are marked with *. .I Estimated as P,a-', but saturation is approached slowly at k-radiances exceeding I&',.
Photosynthesis vs. CO,-Photosynthesis increased by only 20% as pH was reduced from 8.2 at air equilibrium in the alkaline lake water to 6.7, while photosynthesis dropped steeply above pH 8.5 to reach zero between pH 9.6 and 9.9. Photosynthesis as a function of the CO, concentration calculated at different pH, showed saturation curves with a mean half-saturation constant of 5.6 PM CO, and a CO, compensation point of 1.0 PM CO, (Table 2; Fig. 6 ).
Photosynthesis of zoochlorellae-The response of suspensions of zoochlorellae to light and CO, resembled that of Ophrydium colonies except that the CO, compensation point (0) was significantly lower (Table 2 ; Fig. 6 ) presumably because of internal self-shading within the ciliate and because part of host respiration was removed in suspensions. The photosynthetic efficiency also tended to be higher in the suspension than in the intact colonies, but the difference was not significant.
Microdistribution
of oxygen-Gradients of 0, were measured from the periphery to the center of an 8-mm-diam Ophrydium colony (Fig. 7) . Oxygen gradients at steady state were steep just above the colony surface and shallow toward the center of the colony, demonstrating that 0, metabolism is very high in the peripheral layer containing the ciliates and low in the jelly, in accordance with earlier incubations of the jelly . Oxygen concentrations reached about 630 PM (200% 0, saturation) at the colony surface in the light and declined to 258 PM (82% 0, saturation) in the dark. Because the 0, flux across the colony surface is equal to the gradient multiplied by the eddy diffusivity (the molecular diffusivity in the case of stagnant conditions), the influx in the dark relative to the outflux in the light is --0.18. This ratio resembles the R, : PN ratios measured in chamber incubation (Table 1) .
The intensive 0, metabolism of ciliates was also reflected by the transient changes of 0, gradients between light and dark (Fig. 7) . Upon illumination, 0, reached 500 PM at the colony surface after only 5 min. The high internal 0, concentrations in the jelly were gradually established by inward diffusion over 2 h. Upon darkening, it took 30 min for surface 0, concentrations to drop below air saturation and 3.5 h for them to reach steady-state dark gradients because the jelly matrix served as an internal 0, reservoir.
Photosynthesis and light kinetics-Our measurements showed that the numerous symbiotic zoochlorellae dominated 0, metabolism of Ophrydium and occupied high proportions of the ciliate endoplasm (-I 1%) and the C content (-50%; . Oxygen metabolism of Ophrydium resembles in many ways that of unicellular algae and thin macroalgae rather than most symbiotic organisms with thick tissue. Dark respiration was low relative to net production at light saturation (mean 0.14 for ciliates with endosymbionts; Table 1 ). For eight species of green unicells the R, : P, ratio varied from 0.05 to 0.22 with a mean value of 0.11 (Geider and Osborne 1992 ) not much lower than for Ophrydium. For 35 species of marine macroalgae, collected during active summer growth, the mean ratio was 0.16 (Markager and Sand-Jensen 1994) . Relatively low R, : P, ratios were also observed among the symbiotic foraminifera Globigerinoides sacculger (0.21; Jorgensen et al. 1985) and the scyphomedusa Linuche unguiculata (0.33; Kremer et al. 1990 ). Both symbionts have, like Ophrydium, high proportions of algal biomass and thin or transparent tissue, which ensure high light exposure of the symbiotic algae. In contrast, the contribution of symbiotic algae to biomass and 0, metabolism of the consortium was generally lower, although highly variable, among the 45 studies of marine corals, anemones, and sponges summarized by Kremer et al. (1990) , Andersen (1992) , and Sorokin (1993) . They found R,, : P, ratios ranging from 0.15 to 3.50 and the overall mean value was 0.75.
(-50%; . Oxygen metabolism of Ophrydium resembles in many ways that of unicellular algae and thin macroalgae rather than most symbiotic organisms with thick tissue. Dark respiration was low relative to net production at light saturation (mean 0.14 for ciliates with endosymbionts; Table 1 ). For eight species of green unicells the R, : P, ratio varied from 0.05 to 0.22 with a mean value of 0.11 (Geider and Osborne 1992 ) not much lower than for Ophrydium. For 35 species of marine macroalgae, collected during active summer growth, the mean ratio was 0.16 (Markager and Sand-Jensen 1994) . Relatively low R, : P, ratios were also observed among the symbiotic foraminifera Globigerinoides sacculger (0.21; Jorgensen et al. 1985) and the scyphomedusa Linuche unguiculata (0.33; Kremer et al. 1990 ). Both symbionts have, like Ophrydium, high proportions of algal biomass and thin or transparent tissue, which ensure high light exposure of the symbiotic algae. In contrast, the contribution of symbiotic algae to biomass and 0, metabolism of the consortium was generally lower, although highly variable, among the 45 studies of marine corals, anemones, and sponges summarized by Kremer et al. (1990) , Andersen (1992) , and Sorokin (1993) . They found R,, : P, ratios ranging from 0.15 to 3.50 and the overall mean value was 0.75.
The photosynthetic efficiency (a) of Ophrydium ([28 pg The photosynthetic efficiency (a) of Ophrydium ([28 pg 0, mg-1 Chl h-l (pm01 photon me2 s-l)-'] is within the range observed for marine invertebrate symbionts (20-120; Kremer et al. 1990 ) but lower than most values for phytoplankton (mean = 64 [Langdon 19881 and 67 [Geider and Osborne 19921) . It is difficult, however, to reach any firm conclusion concerning the regulation of the photosynthetic efficiency of symbionts because the value is normalized to Chl content and incident irradiance and, therefore, depends on light attenuation within the host tissue, package effects in the symbiotic algae, and the variable contribution of accessory pigments to light harvesting. The influence of package effects is clearly reflected in the comparison among the two freshwater symbionts Ophrydium and S. Zacustris and their zoochlorellae suspensions (Table 2 ). In the transparent Ophrydium colonies with peripheral ciliates the mean photosynthetic efficiency was 1.4-fold lower than in the isolated zoochlorellae, while in thick, dark green SpongiZZa the mean photosynthetic efficiency was 12-fold lower than in suspended zoochlorellae.
Measurements of photosynthetic efficiency of Ophrydium colonies and suspended zoochlorellae ((x, Table 2) and determination of optical cross sections (k) of 0.0066 m2 mg-' Chl for zoochlorellae (Sand-Jensen and Pedersen 1994) and 0.0105 m2 mg-' Chl for ChZoreZZa pyrenidosa (Bannister 1979) allow estimation of the maximum quantum efficiency. These estimates yield a mean quantum efficiency of 0.023-0.037 mol 0, mol I photons for intact Ophrydium colonies, presumably with some internal self-shading and 0.03 l-0.050 mol 0, mol --I photons for suspended zoochlorellae. The levels are markedly lower than the typical maximum quantum efficiency of 0.08-0.12 mol 0, mol 1 photons for nutrientsaturated microalgae (Meyers 1980) . The low estimates of quantum efficiency of zoochlorellae suggest that they are nutrient limited (Cleveland and Perry 1987; Kolber et al. 1988) and can contribute to the host carbon budget via translocation of soluble carbon (Falkowski et al. 1993) . Some of the soluble carbon is perhaps also released to restrict bacterial degradation of the colonial jelly that is maintained for about a year in the lake .
The light compensation and saturation points of Ophrydium resemble those observed for the symbionts Globigerinoides sacculifer (Jorgensen et al. 1985) and Linuche unguiculata (Kremer et al. 1990 ). All three symbionts also have a distinct linear proportionality between photosynthesis and irradiance at low light and a sharp transition from limitation to saturation close to E, (Fig. 2) . These features reflect the approximately equal light exposure of the algae within the symbionts. Dense packing of symbiotic algae and long light paths within symbiotic associations in many corals (Sorokin 1993 ) and in S. Zacustris (Sand-Jensen and Pedersen 1994) will lead to light saturation of surface algae while algae deeper into the tissue still remain light limited. In those instances, the curvature of photosynthesis-irradiance relationships is pronounced and photosynthetic saturation is approached slowly at high n-radiances.
On average, Ophrydium ciliates are 90 pm from each other in the periphery of the transparent colony and cover about 7% of the projected surface area. Self-shading among neighboring ciliates is therefore limited but cannot be evaluated precisely because the optical geometry is complex. The lon-gest straight light path (I, neglecting scattering) corresponds to the 400-pm length of the cylindrical ciliate; the transverse light path through the animal is only 28 pm. Light is mostly absorbed by the pigmented zoochlorellae present at a mean density (C) of 1.3 fg Chl ,urne3 in the ciliate endoplasma. Light absorption within Ophrydium ciliates, derived from the estimates of Chl density, cited optical cross sections (k), and length of the light path (i.e. E, = E,epkcl, where E, and E, are the irradiances at distances of zero and I) is 1 l-18% for the 14-,um transversal path to the midaxis, 21-32% for the entire 28-pm transversal path, and 97-99.6% for the 400-pm light path. Most light is received through the cylindrical walls because of the spacing between ciliates and their slender form and travels transversally for which the resulting internal self-shading should be on the order of 1 l-32%. This estimate is supported by the -40% lower mean E,-values of zoochlorellae in suspension relative to measurements on intact colonies (Table 2) . The E,-values of intact colonies are reduced by self-shading within the ciliates, as estimated here, but also among the ciliates, which include the shading exerted by ciliates in the upper hemisphere of the colony on those located in the lower hemisphere facing downward away from the incident light.
Carbon and oxygen budgets-Photosynthesis of Ophrydium followed typical CO, saturation curves (Fig. 6 ) and the kinetic parameters (Table 2 ) resembled those obtained for CO,-dependent photosynthesis of unicellular algae or small multicellular plants (Madsen and Sand-Jensen 199 1; Raven and Johnston 1991) . Photosynthesis of Ophrydium was not fully saturated by the C supply in aerated alkaline water but attained high rates close to the maximum CO,-saturated rates. Other small freshwater symbionts such as Hydra viridis and the solitary ciliate Paramecium bursaria are also close to CO, saturation (Reisser 1980; Phipps and Pardy 1982) , whereas profound rate limitation of photosynthesis by CO, availability was found in the thick, dark green forms of S. Zacustris' ( Table 2) .
Ophrydium used light and CO, efficiently for photosynthesis and remained exposed to saturating n-radiances for most of the day in shallow water of transparent lakes (Figs.  3, 4) . Our outdoor experiments yielded a 24-h ratio of gross production to respiration of about 3.6, which is higher than most values for other symbionts (Fig. 5 ) but similar to values found primarily among small foraminiferans and radiolarians. Hence, the thin algal-rich symbiotic assemblages can maintain plant-like behavior with respect to the light and carbon kinetics of photosynthesis and the ratio of photosynthesis to respiration.
Photosynthesis can cover all respiratory demands of the algae and the host and still provide a surplus for new biomass. In Ophrydium, photosynthesis plays the additional role of providing an organic surplus to produce the extensive colony jelly that is rich in carbon but poor in nutrients (SandJensen et al. 1994) . Tn large Ophrydium colonies (>6 cm3) about half of the total carbon content is contained in the jelly. This proportion increases with colony size because the ciliates are restricted to the colony surface that decreases relative to the volume in larger colonies. The net carbon gain by Ophrydium (photosynthesis + filtration -respiration) apparently exceeded the specific growth rate, which is more likely to be constrained by the supply rate of N and P contained in the nutrient-rich bacteria and picoalgae (Goff and Stein 1981) filtered by the ciliates . Symbiotic photosynthesis can thus ensure that the nutrients acquired can be efficiently recycled within the colonial assemblage. Symbiotic photosynthesis can also support respiration and ensure survival during clear-water periods in the lakes when virtually no particles are available for filtration. Thus, in laboratory and field experiments photosynthesis markedly increased the growth and survival of Ophrydium . The ability of Ophrydium to generate turbulence by the feeding stream, trap and assimilate nutrients in the prey of small particles, and subsequently recycle the nutrients between complementary partners within their miniature ecosystem provide an additional dimension to the physiology and ecology of Ophrydium. This ability should improve the performance of Ophrydium in lakes low in dissolved inorganic nutrients that are the preferred growth habitats.
